In this study, we compared the predictive accuracy of voluntary cough peak flow (V-CPF) and involuntary cough peak flow (IV-CPF) for re-intubation in mechanically ventilated subjects. METHODS: Endotracheally intubated patients who passed a spontaneous breathing trial and assessment of readiness for extubation were enrolled. Before extubation, V-CPF and IV-CPF were measured. Re-intubation was recorded at 72 h after extubation. RESULTS: A total of 115 extubations in 106 cooperative subjects (including 9 subjects with second extubation) and 5 extubations in 5 uncooperative subjects were recorded. At 72 h, 20 (17.4%) and 1 (25%) instances of re-intubation occurred in cooperative and uncooperative subjects, respectively. In cooperative subjects, those who had been successfully extubated had higher V-CPF than re-intubated subjects 
Introduction
The spontaneous breathing trial (SBT) is most frequently used for assessing recovery from respiratory failure in mechanically ventilated patients. Guidelines for weaning from mechanical ventilation recommend removal of the endotracheal tube when a patient has passed an SBT. [1] [2] [3] Nevertheless, 12.4 -21% of patients require re-intubation within 48 -72 h, although they have a successful SBT. [4] [5] [6] [7] [8] This results from many reasons, such as weak cough, large amount of secretions, advanced age, impaired neurological status, or laryngospasm. 9, 10 Furthermore, re-intubation is associated with a 5-fold increase in the relative odds of death and a 2-fold increase in median ICU and hospital stay, as well as institutional costs. 11 Thus, avoiding reintubation is important.
Many studies have reported that voluntary cough peak flow (V-CPF), measured before extubation in patients who passed a SBT, had a high accuracy in predicting successful weaning from intubation. [12] [13] [14] [15] Patients with low V-CPF had a high risk of re-intubation after scheduled extubation. Su et al 16 reported that involuntary cough peak flow (IV-CPF), also measured before extubation, showed similar accuracy in predicting re-intubation. However, which of the two methods is more accurate in predicting re-intubation is unclear. Therefore, we designed this study to compare the predictive abilities of V-CPF and IV-CPF.
Methods
The study enrolled the subjects as follows: (1) age Ն 18 y, (2) duration of mechanical ventilation Ն 24 h, (3) endotracheal intubation, and (4) a successful SBT and readiness for extubation. Written informed consent was obtained from the subjects or their families. The investigational review board of our hospital (First Affiliated Hospital of Chongqing Medical University) approved this study.
All subjects on mechanical ventilation were managed by our hospital protocol. Strategies to prevent ventilatorassociated pneumonia (eg, elevation of the head of the bed, hand hygiene, and oral hygiene) were used in every subject. Sedation was routinely managed to reach a Ramsay score of 3-4 when subjects became agitated, subjectventilator asynchrony occurred, or other clinical conditions occurred in which the subjects needed to relax. Sedation was interrupted each morning. If the subject remained calm, sedation was stopped. If not, sedation was continued. 17 For weaning attempts, they were screened every morning as follows: improvement in the underlying condition that led to acute respiratory failure, P aO 2 Ն 60 mm Hg with F IO 2 Յ 0.5, PEEP Յ 5 cm H 2 O, temperature Յ 38°C, systolic blood pressure between 90 and 180 mm Hg (without vasopressor therapy or with only a low-dose vasopressor such as dopamine or dobutamine Յ 5 g/kg/min), heart rate Յ 140 beats/min, and breathing frequency Յ 30 breaths/min. 1 If the subject met the initial screening criteria for extubation, an SBT was performed once daily for 120 min. The SBT was carried out in pressure support mode. The support pressure was set at 6 cm H 2 O for an inner diameter of the endotracheal tube Ն 7.5 mm and 8 cm H 2 O for Ͻ 7.5 mm. The subject failed the SBT if one of the following occurred: breathing frequency Ն 35 breaths/min, frequency/tidal volume (rapid shallow breathing index) Ն 105, S pO 2 Ͻ 90% at F IO 2 Ն 0.5, heart rate Ն 140 or Յ 50 beats/min, systolic blood pressure Ն 180 or Յ 90 mm Hg, pH Յ 7.3, diminishing consciousness or diaphoresis, and clinical signs indicating respiratory muscle fatigue, labored breathing, or both.
When subjects passed the SBT before extubation, we measured the V-CPF and IV-CPF with a spirometer (Chestgraph HI-101, Chest MI, Tokyo, Japan; Fig. 1 ). Measurements were done according to the sequence of enrollment in the study: in odd-numbered subjects, we measured the V-CPF first, let the subject rest for 10 min as a washout period, and then measured the IV-CPF. In even-numbered subjects, the order of V-CPF and IV-CPF was switched. Before measurement, the subjects were positioned at 30 -45°in bed, secretions were removed by suction, and subjects were oxygenated with 100% oxygen for 2 min. To measure V-CPF, subjects were coached to cough through the endotracheal tube spirometer with as much effort as possible. The intervals between each measure were 30 -60 s. The best of three measurements was recorded as the V-CPF. To measure the IV-CPF, 2 mL of normal saline was rapidly instilled into the endotracheal tube at the endinspiratory point through the Y-shaped tube (see Fig. 1 ). 16 As with V-CPF measurements, the best of three measurements was used as the recorded value for IV-CPF.
We assessed each subject's neurological status every morning according to the Glasgow coma scale, including eye response 4 score, verbal response 5 score, and motor response 6 score. Because the endotracheal tube was in the subject's airway, the verbal response was assessed as follows. We asked 2-3 simple questions, which the subject
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Current knowledge
Voluntary cough peak flow measured before extubation coupled with a successful spontaneous breathing trial has been shown to improve prediction of successful withdrawal from mechanical ventilation. The cough peak flow is a measure of the ability to clear secretions and protect the airway.
What this paper contributes to our knowledge
Voluntary cough peak flow is a more accurate predictor of successful extubation than involuntary cough peak flow. Both measures are noninvasive; however, involuntary peak cough flow appears to underestimate cough strength.
could answer by nodding or shaking the head for yes or no. If all responses were rapid and the answers were correct, we scored 5. If all responses were slow and the answers were correct, we scored 4. If part of the answers were correct, we scored 3. If no answers were correct, we scored 2. For no response, we scored 1. Additionally, we classified the subjects with Glasgow coma scale Ͼ 13 as cooperative subjects and Glasgow coma scale Յ 13 as uncooperative subjects.
Criteria for re-intubation were: (1) breathing frequency Ͼ 30 breaths/min; (2) S pO 2 Ͻ 90% with F IO 2 Ͼ 0.4; (3) pH Ͻ 7.30; (4) an increase of Ͼ 10 mm Hg in P aCO 2 ; (5) heart rate Ͼ 120 or Ͻ 50 beats/min; (6) systolic blood pressure Ͼ 180 or Ͻ 90 mm Hg; and (7) diminished consciousness, diaphoresis, clinical signs of respiratory muscle fatigue, labored breathing, or any combination of these. Noninvasive mechanical ventilation was allowed if the attending physicians thought the subjects would benefit. When there was respiratory failure caused by weak cough strength and large amounts of secretions, the subject received an emergency tracheotomy if there was enough time. These subjects were also defined as re-intubation subjects regardless of whether they also received invasive mechanical ventilation. Re-intubation was recorded up to 72 h after extubation.
The diagnostic accuracy of V-CPF and IV-CPF was analyzed by receiver operating characteristic curve (SPSS 17.0, SPSS, Chicago, Illinois). The Hanley and McNeil method was used to compare the area under the curve of receiver operating characteristic in V-CPF and IV-CPF. 18 The cough peak flow values for successful and unsuccessful extubation subjects were compared by independent sample t test. Comparisons of V-CPF and IV-CPF in different V-CPF groups were analyzed by paired sample t test. The optimal cut-off value was chosen by the maximum Youden index. 19 P Ͻ .05 was considered significant.
Results
We recorded 115 extubations in 106 cooperative subjects (including 9 subjects with second extubation) and 5 extubations in 5 uncooperative subjects between October 2011 and June 2013. Finally, we recorded 20 instances of re-intubation in cooperative subjects and one instance of re-intubation in uncooperative subjects, respectively. In cooperative subjects, 5 subjects (3 for invasive mechanical ventilation and 2 for suction only) who underwent tracheotomy were also classified as re-intubation subjects.
The clinical characteristics of the cooperative subjects are summarized in Table 1 . The successful extubation subjects had shorter duration of mechanical ventilation (5.80 Ϯ 5.55 vs 9.58 Ϯ 5.84, P ϭ .007), higher tidal volume (435 Ϯ 142 vs 349 Ϯ 96, P ϭ .01), and higher V-CPF (81.3 Ϯ 41.4 vs 51.3 Ϯ 31.7, P ϭ .003) before extubation. However, the IV-CPF did not reach significant difference.
The results of the V-CPF and IV-CPF analyzed by receiver operating characteristic curves are summarized in Table 2 and Figure 2 . The diagnostic accuracy was significantly higher in V-CPF compared with IV-CPF (P ϭ .034). When the 2 subjects who underwent tracheotomy only for suction were excluded, P ϭ .01. Table 3 and Figure 3 show the differences in four categories of V-CPF. In subjects with lower quartile and third quartile V-CPF, the V-CPF was similar with IV-CPF. In subjects with second and upper quartile V-CPF, the V-CPF was higher than IV-CPF (82.1 Ϯ 9.6 vs 66.6 Ϯ 19.5 L/ min, P Ͻ .001; 135.5 Ϯ 29.8 vs 116.2 Ϯ 38.2 L/min, P ϭ .006, respectively). Overall, the V-CPF was higher than IV-CPF (76.0 Ϯ 41.4 vs 68.2 Ϯ 39.7, P ϭ .003). Table 4 and Figure 4 summarize the clinical characteristics of uncooperative subjects. Only 1 subject required re-intubation. The V-CPF was lower than IV-CPF (40.2 Ϯ 10.2 vs 79.2 Ϯ 29.0, P ϭ .04).
Discussion
Current guidelines recommend the removal of an endotracheal tube after a successful SBT. [1] [2] [3] However, it fails to evaluate the patient's airway protection. The CPF has also been introduced to evaluate airway protection. [12] [13] [14] [15] [16] It has good sensitivity and specificity for predicting re-intubation after extubation when a patient has passed a SBT. Our findings are thus in agreement with those of previous studies in cooperative patients. With the cut-off value of 62.4 L/min in V-CPF, it has 85% sensitivity and 64.2% specificity to predict re-intubation. However, using the SBT introduces another problem. In the low cough population, it is difficult to make the decision to extubate when a patient passes a spontaneous breath trial. In our opinion, the endotracheal tube should be removed. However, we suggest it is necessary to pay more attention to airway management such as adequate humidification, chest phys- * In the re-intubation group, 2 patients with tracheotomy only for suction were excluded. APACHE II ϭ Acute Physiology and Chronic Health Evaluation II GCS ϭ Glasgow coma scale V-CPF ϭ voluntary cough peak flow IV-CPF ϭ involuntary cough peak flow ical therapy, nasotracheal suctioning, and even tracheotomy in some very low cough peak flow patients. However, as compared with the results from the study by Su et al, 16 IV-CPF was only predictive of re-intubation after scheduled extubation in cooperative subjects (Table  2) . In their study, 94 (62.7%) subjects were surgery patients and 17 (53.1%) received re-intubation. However, in our study, most subjects had an exacerbation of COPD. The different populations may result in different predictive accuracy by IV-CPF.
In this study, we used a revised definition of re-intubation after scheduled extubation as the main weaning outcome. This is different from previous studies, which recorded only re-intubation through the mouth or nose. [12] [13] [14] [15] [16] In our study, we included re-intubation not only through the mouth or nose but also through a tracheotomy (even a tracheostomy tube placed solely for suction). There is no question that tracheotomy subjects should be classified as re-intubation if they received invasive mechanical ventilation. However, this classification may be controversial if the tracheostomy tube was placed only for suction. Occasionally, endotracheal intubation was only necessitated by apnea in patients with an inability to remove secretions. 20, 21 In this population, clinicians can easily remove the secretions through the endotracheal tube. If hypoxemia and hypercapnia are relieved by suction alone, invasive mechanical ventilation is unnecessary. However, another problem is difficulty in extubation if cough ability cannot be recovered. Therefore, if apnea occurs in subjects with a weak cough ability, emergency tracheotomy may be a good choice. Thus, though 2 subjects received a tracheostomy only for suction, we also classified them as re-intubation subjects.
To our knowledge, this is the first study to compare the ability of V-CPF and IV-CPF to predict weaning outcomes. We demonstrated that V-CPF was better than IV-CPF for prediction of re-intubation in cooperative subjects. Furthermore, we observed that some high V-CPF subjects had low IV-CPF (Table 3 and Figs. 3). However, the reason for this difference is unclear. We speculate on the reasons as follows. First, V-CPF and IV-CPF employ different pathways to generate coughing. [22] [23] [24] [25] The voluntary cough, which is controlled by the cerebral cortex, is initiated by irritation or voluntary action and can be inhibited by conscious patients. If a patient is told to do so, voluntary coughing can be depressed by 90% when capsaicin is inhaled. 22, 26 On the other hand, the involuntary cough is controlled by the brainstem and is only initiated by irritation when the stimulus reaches a reflex threshold. Moreover, involuntary cough strength is associated with the intensity of the irritation. However, it also can be depressed in conscious patients. 22, 26 In this study, the involuntary cough was stimulated by 2 mL of normal saline, and different subjects may have had different reflex thresholds. We found that The Յ 25th, 25th through 50th, 50th through 75th, and Ͼ 75th percentile of the V-CPF were classified as lower quartile, third quartile, second quartile, and upper quartile, respectively. The comparison between V-CPF and IV-CPF groups was analyzed by paired sample t test. V-CPF ϭ voluntary cough peak flow IV-CPF ϭ involuntary cough peak flow. the IV-CPF was lower than V-CPF in high V-CPF cooperative subjects (Table 3 and Fig. 3 ). In the high V-CPF cooperative subjects, the IV-CPF may have been partly depressed when the subject felt uncomfortable, or the intensity of irritation of the IV-CPF may not have reached its maximum via instillation of 2 mL of normal saline, or both. Furthermore, in our study, the V-CPF was initiated by voluntary action. By contrast, the IV-CPF was initiated by 2 mL of normal saline. The different initial phase may result in different values. Thus, in the high V-CPF cooperative subjects, this amount of saline may result in underestimation of cough strength by IV-CPF. Furthermore, the instillation of normal saline may make a patient uncomfortable, although Su et al 16 observed no obvious side effects or complications. Several studies reported that oxygen saturation decreased when normal saline was instilled before suctioning, compared with the conventional suctioning technique. [27] [28] [29] [30] In this study, we observed that some subjects felt uncomfortable and the oxygen saturation decreased when the IV-CPF was measured after instillation of 2 mL of normal saline. However, the measurement of V-CPF is noninvasive, and therefore, desaturation can be avoided.
The measurement of V-CPF required subject cooperation. However, it is difficult to carry out in uncooperative patients such as coma patients. In these patients, the IV-CPF may be a good choice. In our study, we classified the subjects with Glasgow coma scale Յ 13 as uncooperative subjects. We found that the IV-CPF was much higher than V-CPF (Table 4 and Fig. 4) . However, we only enrolled 5 uncooperative subjects (1 required re-intubation). Because of the small sample size, we drew no conclusion as to which of the two measurements was better in this population. However, in clinical decision making, we suggest that attending physicians refer to the lower quartile of cough peak flow in uncooperative patients. Our study has some limitations. Laryngospasm after extubation was not recorded in our ICU. It may be more difficult to distinguish re-intubation caused by weak cough or laryngospasm. Approximately 50% of subjects had an exacerbation of COPD, which may skew the results. Reintubation occurred for various reasons. In this study, we found the re-intubated subjects had longer duration of mechanical ventilation before extubation (Table 1) . A previous study demonstrated that patients with long periods of mechanical ventilation had high rates of respiratory failure after extubation. 31 Thus, to prevent re-intubation, it was not adequate for caregivers to pay attention only to the weak cough peak flow subjects. Furthermore, the reason the two cough peak flow measurements showed different predictive accuracy in cooperative subjects is unclear. Further studies should explore this mechanism. Third, we drew no conclusions in uncooperative subjects because of the small sample size. Thus, in the future, it would be worthwhile to explore this population.
Conclusions
V-CPF as a noninvasive measurement was better than IV-CPF at predicting re-intubation in scheduled extubated cooperative subjects. IV-CPF measurements may underestimate cough strength in patients with high V-CPF. However, in uncooperative patients, the optimum measurement is unclear.
